Recruitment of both uniform and differential binding energy in enzymatic catalysis: xylanases from families 10 and 11.
The contributions of enzyme-substrate hydrogen-binding interactions to catalysis by two different families of xylanases were evaluated through kinetic studies with two representative wild-type enzymes, Cellulomonas fimi xylanase (Cex) and Bacillus circulans xylanase (Bcx), on a series of monodeoxygenated and monodeoxyfluorinated p-nitrophenyl xylobioside substrates. Effects of substitution in the distal (-2 subsite) sugar on kcat/Km for Cex were moderately large (up to 2.9 kcal mol-1), with no effect seen on kcat. By contrast, substantial effects upon both kcat and kcat/Km were seen for substrates modified in the proximal (-1 subsite) sugar. Very similar results were obtained with Bcx. Kinetic analyses with a series of eight mutants of Cex in which active site residues interacting with the substrate were mutated yielded complementary insights. Again, interactions with the distal (-2) sugar were seen to contribute substantially to kcat/Km (up to 3.7 kcal mol-1), thus to the formation of the glycosyl-enzyme intermediate, but not to kcat, thus to the hydrolysis of the glycosyl-enzyme. Interactions with the proximal (-1) sugar are much more significant, contributing up to 6.7 kcal mol-1 to both kcat/Km and kcat. These results together indicate that interactions with the distal sugar maintain similar magnitudes in the transition states for glycosylation and deglycosylation as well as in the glycosyl-enzyme intermediate and can be referred to as "uniform binding interactions" in the parlance of Albery and Knowles (Albery, W. J., and Knowles, J. R. (1976) Biochemistry 15, 5631-5640). Interactions with the proximal sugar are considerably stronger at the deglycosylation transition state than in the intermediate, and fall into the category of differential binding interactions. This behavior likely has its origins in the changes in ring conformation of the proximal sugar but not of the distal sugar between the ground state and the reaction transition state. Correlation of these individual interaction energies with the hydrogen-bonding pattern seen in the glycosyl-enzyme intermediate allows for the assignment of hydrogen-bond strengths to each interaction, with good correlation between the two approaches. These findings are relevant to the discussion of remote binding effects upon enzymatic catalysis.